Abstract-Industrialization has revolutionized the quality of life but also led to the increase in environmental pollution in the form of industrial waste. The effluents released from the industries include toxic compounds which get accumulated in soil and persist for years if not treated properly. These persisting, nondegradable compounds include the heavy metals which are mostly released into the soil from electronic industries in the form of E-waste. Electronic industries are the fast growing industries and the amount of the waste released from them is considerably high. Most of the electronic goods are made of heavy metals like Lead (Pb), Cadmium (Cd), Zinc (Zn), etc., of which Lead is an important metal found in most of the electronic goods which is highly toxic. The metal leaches into the soil if not processed properly and leads to contamination of soil thereby affecting the lives of flora and fauna on earth. To prevent this the present study focused on the use of nanotechnology in the removal of Lead from contaminated soils. Magnetite nanoparticles are used for Lead adsorption. The unique property of high affinity of magnetite nanoparticles towards cations enables a better adsorption of Lead by the nanoparticles.The current study focuses on the application of Magnetite nanoparticles in reducing Lead toxicity by adsorption technique. The nanoparticles exhibited a higher rate of metal removal upto 2500ppm. X ray diffraction study revealed the size of the magnetite nanoparticle to be 4.3nm. The structure of the nanoparticle was determined by Scanning electron Microscope and Transmission electron microscope.
I. INTRODUCTION
oil is the basic source for life on earth. In recent years due to rapid industrialization soil is being polluted with various toxic compounds. The toxic compounds include different types of chemicals as well as heavy metals. These compounds leach into the soil because of improper treatment methods. Among the pollutants heavy metals pollution is the most challenging environmental problem globally [1] . It is a major threat for agriculture based countries like India where the contaminant free soil is of major importance. The presence of the heavy metals even in low concentrations could be harmful to the flora and fauna. Few of these compounds like Lead persist in soil for years without being degraded. So there is need for an efficient treatment method for the heavy metals. The basic sources of these heavy metals are the electronic goods. The utility of the electronic goods has increased to a large extent in 21 st century. At the same time the discard of these goods after their usage has also increased tremendously. The electronic goods are discarded in the landfills and remain in soil as electronic waste or e-waste for a long period due to improper treatment procedures. According to United Nations Environment Programme (UNEP) estimates the amount of E-waste produced globally is 50million tones annually and only 10% of it is recycled [2] .The E-waste from the developed nations is dumped into developing countries [3] as a part of free trade which is adding up to the difficulty in waste management. There are different methods available for Ewaste management like mechanical separation, thermal treatment, hydrometallurgical treatment; electrochemical treatment [4] . But the employment of these methods requires more cost and expertise for their operation and also facilities for e-waste collection and treatment [5] . Because of inadequate facilities the e-waste is not being recycled properly and is getting accumulated in soil leading to environmental pollution. So there is a need for a new method which is cost effective and does not require much infrastructure. One of such methods is by adsorption mechanism using nano-based adsorbents. Nano-based adsorbents or Nanoparticles have small size and high surface area which enables greater adsorption of the cations onto them. Nano adsorbents such as Magnetite nanoparticles are generally used to remove Lead from soil. The magnetic property of the Magnetite nanoparticles enable easy separation of the adsorbent from the applied site as well as reusability [6] . So the present study focuses on the use of magnetite nanoparticles for Lead adsorption from soil samples containing high concentrations of Lead.
II. MATERIAL AND METHODS

Synthesis of magnetite nanoparticles:
Magnetite nanoparticles were synthesized by co-precipitation method [7] . 19 UV-Vis spectral analysis was done using UV-Vis absorption spectrophotometer (Systronsis 2100). Small aliquot of the sample was diluted in distilled water and measured at wave length between 200-600nm.
X-Ray Diffraction(XRD):
The crystallographic structural information of the magnetite nanoparticles was analyzed by X-ray diffraction(XRD).The analysis of sample in diffraction patterns were recorded from 10 0 to 70 0 with a diffractometer (CuKa, 40 kV, 30 mA and k = 1.54056 Å) (Indian Institute of Chemical Technology, Hyderabad).
Scanning Electron Microscopy:
The morphology of the synthesized Magnetite nanoparticles was assessed by Scanning Electron Microscope (ZEISS). The samples were placed on a round cover glass of 1.2 cm diameter each, deionized water was used to wash and dried in a desiccator at RT. The cover glass was then mounted on a SEM stub and coated with gold for SEM analysis.
Transmission electron microscopy:
The samples were observed under TECNAI FE12 TEM instrument operating at 120 kV using SIS imaging software. The magnetite nanoparticles were dispersed in methanol and a drop of each sample was placed on formvar-coated copper grid and air dried.
Selected area diffraction:
The crystal structure of the nanoparticles was determined by Selected area (electron) diffraction ( SAD or SAED) which is determined inside a transmission electron microscope (TEM).
Preparation of Lead stock solution:
Stock solution of Lead (Pb II) was prepared by dissolving 300mg of metal in 300ml sterile distilled water (3000ppm). From this different concentrations of the metal were made ranging from 5ppm to 2500ppm by dilution.
Preparation of nanosuspension:
1g of Magnetite (Fe 3 O 4 ) nanoparticles (dried) was dissolved in 100ml distilled water to make Magnetite particle suspension. For uniform dispersion of the nanoparticles in distilled water ultrasonic disruption (25 KHz, Model: Enertech) was carried on [8] .
Metal adsorption studies:
25ml of metal solution of different concentrations were taken in a conical flask and 5ml of magnetite nanoparticle suspension was added to each flask. The flasks were incubated at 37°C for 24h. After the incubation period the amount of metal present in each concentration was determined by Atomic Absorption Spectrophotometer. The amount of metal (mg) adsorbed onto 1g of magnetite nanoparticles was determined by mass balance equation which is given as [9] .
Q e = C o -C e V m Where C o is the initial metal ion concentration (mg L -1 ), C e is the final concentration of the metal. V is the sample volume (L), and m is the mass of Fe 3 O 4 nanoadsorbent (g).
Adsorption isotherm studies:
The amount of adsorbate on the surface of an adsorbent with respect to pressure for gases or concentration for liquids at constant temperature is explained by adsorption isotherms. Langmuir and Freundlich models are the two adsorption isotherms used to determine the adsorption phenomenon of Lead ions onto the surface of 1g of magnetite nanoparticles. Where: x is the amount of adsorbate adsorbed m=mass of adsorbate Ce=equilibrium concentration of adsorbate K= Freundlich constant n=no. of layers of metal adsorbed on the surface layers of nanoparticles. In general, 1/n is less than 1.Therefore, above equation can be written as Logx/m=logK+1/n logCe The Freundlich coefficient can be determined from the plot of log x/m verses log Ce
III. RESULTS AND DISCUSSION
Characterization of magnetite nanoparticles:
The accumulation of electronic waste because of improper recycling techniques is posing a major threat to the environment. Electronic waste constitute heavy metals like lead, mercury, copper which are toxic to the environment if they leach directly into soil without proper recycling. Due to lack of appropriate technologies the increase in the volumes of the scrap is witnessed after informal recycling [11] . So there is a need to design a method by which the volumes of the toxic metals that are leached into the soil can be minimized without causing any harm to the environment. Though there are many methods employed in their treatment the use of nanosized particles as environmental remediants is drawing the attention of current researchers as they provide cost-effective solutions for most of the environmental pollutants [12] . Nanosized Iron particles (Magnetite) are widely employed in the removal of common environmental pollutants like organic contaminants [13, 14, 15] as well as heavy metals [16, 17] . The literature reveals that Magnetite nanoparticles synthesized by co-precipitation method are used for the treatment of water contaminated with metals like lead, copper, Zinc and Manganese [18] . The magnetite nanoparticles functionalized with carboxyl (succinic acid), amine (ethylenediamine) and thiol (2,3- www.ijsrp.org and As(III)) and bacterial pathogens (Escherichia coli) from water [19] . The unique property of magnetite nanoparticles which enables their use as adsorbent of Lead ions is the larger surface area and presence of hydroxy groups as reactive sites [20] .
The validation of the synthesized magnetite nanoparticles was done by UV-Visible spectroscopic analysis. The absorption band was observed at 316.8nm (Fig1) which is according to the previously reported literature [13] . The absorbance band in the visible range between 330-450nm indicates the formation of particles of nanodiameter [21] . The crystal structure was verified using x-ray diffraction (XRD) and the size of the magnetite nanoparticles analyzed using Deby -Scherrer equation [22] and was found to be 4.3nm (Fig 2) . The data obtained is very close to the JCPDS card no.89-0691 which will prove that the prepared nanoparticles was made of iron oxide [23] .The XRD pattern of Magnetite nanoparticles obtained by co-precipitation method shows the characteristic peaks at 35.2°(311), 43.1°(400), 53.4°(422), 57.1°(511) and 62.8°(440) were observed which indicate the crystalline nature and phase purity of the synthesized magnetite nanoparticles. The literature shows that the magnetite nanoparticles of size less than 30nm exhibit a greater paramagnetic property which enables easy separation from the applied regions in presence of external magnetic field [24] .Magnetite nanoparticles synthesized by co-precipitation method using different reagents like FeCl 3 .6H 2 O,FeCl 2 .4H 2 O, propylene glycol and ammonium hydroxide had a mean particle size diameter of 8nm [25] . The small size of the nanoparticles determines their nanocrystalline nature [26] . The morphology of the magnetite nanoparticles was determined using SEM (Fig3). The figure shows the spherical magnetite nanoparticles synthesized by co-precipitation method. The magnetite nanoparticles agglomerated to a little extent because of their small size and more surface energy. The size is approximately >10nm indicating the synthesis of homogenous nanoparticles. TEM analysis confirmed the size of the magnetite nanoparticles to be below 10nm (Fig4.a) .From the SAED pattern it can be inferred that as observed in XRD,SAED also shows characteristics patterns which explain the phase purity of the magnetite nanoparticles (Fig4.b).
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Metal adsorption by Magnetite nanoparticles:
The amount of metal adsorbed by the magnetite nanoparticles was determined using Atomic absorption spectrophotometer (Fig 5) .A range of metal concentrations were taken from 100ppm to 2500ppm. It was observed that as the concentration of metal increased the amount of metal (g) deposited on the surface of ISSN 2250-3153 http://dx.doi.org/10.29322/IJSRP.8.10.2018.p8231
www.ijsrp.org magnetite nanoparticles also increased. The maximum amount adsorbed on 1g of magnetite nanoparticle at 2500ppm concentration of metal was 62.189g. According to earlier studies Magnetite nanoparticles. Previous studies reveal that Magnetite nanoparticles can adsorb maximum upto 2.072ppm of Lead ions [29] . From the study it was observed that the concentration of the metal adsorbed onto the surface of the nanoparicle increased with increase in the concentration of the metal ions, this may be due to the formation of multilayers on the surface of the adsorbent enabling higher intake of metal. The small size of the nanoparticles favours the diffusion of metal ions from a bulk solution onto the active sites of the adsorbent at a higher rate [30] . The amount of Lead removed by magnetite nanoparticles increases with the increase in the contact time between the metal and the adsorbent [31, 32, 33] . The uptake of Lead ions by magnetite nanoparticles is by physic-chemical interactions between the adsorbent and the adsorbate [27] . In aqueous solutions the hydrated ionic radius of Lead ions is low which enables highest adsorption capacity towards the protons on the adsorbent [34] . So there is greater adsorption of the metal observed onto the magnetite nanoparticles. 
IV. CONCLUSION
The current work concludes the use of magnetite nanoparticles synthesized by co-precipitation method with a size of 4.3nm as effective adsorbents of Lead ions (Pb II) .The magnetite nanoparticles had maximum adsorption capacity upto 2500ppm which enable their use in highly contaminated Lead soils. The ease in the recovery and reuse of the magnetite nanoadsorbants from the applied sites reduces the economical burden.
